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By Prank T.  Abbott,  J>.  and rilliatn J.  underwood 

INTRCDÜCTIOtf 

The results of flight Investigations showed that 

a beveled tralling-edge  aileron gave as low or a lower 

profile dra;; than a contour aileron.    As this was 

contrary to the general expectation, It was folt 

desirable to conduct a wind-tunnel Investigation of a 

scale model of the wing section used In flight.    Section 

profile drag and section lift at flight Reynolds numbers 

were to be obtained with the two types of ailerons. 

Section profile dru;- and lift coefficients at Reynolds 
numbers of approximately 6,000,000,    9,000,000,  and 

13,000,000 are presented herein frön the  tests  in the ITACA 

two-dimensional  low-turbulence pressure  tunnel. 

M0D3L 

A scale model hf.vi.ng a winp chord    e    of 36 inches was 

made to correspond to an intermediate section ovsr the 

aileron portion cf the wine 1-  inches outboard from the 

inboard end of the right aileron of the TP-51 airplane. 

This was  the same section use'* in measuring profile drag In 
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flight (reference 1). The ordlnateB of the section 

1.table 1) «ere measured from the actual airolane 

wing.  The scale model, which vas made of laminated 

mahogany, v;as faired according to the r.easured ordinates 

with the exception of several slightly unfair ordinates on 

the upper and lower surfaces in the vicinity of the leading 

edge, which were neglected in fairing the airfoil contour. 

This unfairness of the ncp.s'wed ordinates was nrcb*."ily due 

to the actual, airplane win." being slightly unfair at the 

front spar.  A bump was present on the lower surface of the 

model at the aileron hi if.;« s'imuletlnt; the contour of the 

aileron projecting bei cw the lover surface at the hinge line. 

This bu-».o wns present in the olain airfoil configuration 

(fiE. 1) an woi.1 a3 the tro aileron confIterations (figs. 2 

and J).  The model v/es nade in two parts with a single front 

part which assembled with one of three rear parts to form the 

plane airfoil section (fig. 1) or an airfoil section v.-lth 

either the O.lROc beveled trailing-erige aileron (fig. 2) or 

the 0.l37c contour-shaped allßi-on (fig. 3).  The internal 

shapes in the aileron balance chamber were scaled from the 

actual section tested in flight.  Hoth ailerons wore hinged 

at O.DlJe, which resulted In a wing chord section c of 

about J6•! inches for the beveler" traillng-edge ecniiguration. 

The beveled trailing-edge aileron configuration was tested un- 

sealed.  The contour aileron configuration was tested both 

unsealed and sealed. 
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METHOD 

Lift and drag measurements of the model were made by 

Methods described In references.      Th* profIi«-rir&c and 

lift coefficients for »11 configurations were based cr. a 

nominal wine chord    e    of 36  Ir.ches."1" 

The contour aileron wa& sealed by plugging; the aileron 

curtain gaps with modeling clay.      The discontinuity at the 

gaps w&s not faired nut,  as shown in the photograph of 

figure 3. 

1After this report was issued In it3 original form» 
certain refinements were made in the method of confuting 
lift coefficients.    All lift coefficients given in this 
report should therefore be corrected by the follovrtng 
equation» 

<?X (corrected) = 0.966c l + 0.026clb 

where    01    la section lift coefficient presented In thl» 
report and    Cj      is given in the following tablet 

Aileron • 

deflection 
°a °h» 

(dec) 

0 0.1 
2 .2 
5 •3 

10 .5 
18 .7 
rZ .05 
-5 -.1 

-10 —5 
-18 -•5 
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RBSULTS AND DISCVSSIOH 

The results of the testa of the three configurations 

are presented In figures 4 to 12* Comparison curves of the 

configurations are given In figures 15 and Ik»    Aileron 

effectiveness &S of the two aileron configurations is 

given In table II. 

The comparison of section lift characteristics at a 

Reynolds number of 13,000,000, given in figure 1J, shows 

that the plain airfoil had the highest slope with a 

f —_£J        of 0.115; followed by the sealed contour aileron 
V     /a=° /do A 
'configuration with a   I-TT-'J of 0.II4; by the unsealed 

V-   /a=0 ,.   v 
contour aileron configuration with a (—L] 

\da/a=o 
and last by the beveled trailing-edge aileron configuration 

i/a=C 
of 0.112; 

with a f-r-*i    of O.IOS. A maximum section lift 00- 

efficient of 1.75 for the plain airfoil section is very 

good. The aileron configurations with the aileron neutral 

show a loss in maximum lift.  Sealing the gaps of the 

contour aileron had little effect on either the slope of 

the lift curve or the maxlrum lift coefficient. 

The aileron effectiveness, presented In table II as 

the effective change in angle of attach per unit change in 

aileron angle (denoted by Aa/A6), shows that the contour 

aileron, either sealed or unsealed, has an appreciably 

•.•^»TVs'r'Ä^ä^ :\ 
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higher   A a/a 6    than the hoveled trailing-edge aileron* 

Sealing the aileron gape of the contour aileron resulted 

in a small improvement in effectiveness« 

Although no study of hinge moments was included in 

the present investigation, it appears (reference 3) that 

this loss in effectiveness of the beveled trailing-edge 

aileron can be rcore than counteracted by using larger 

aileron deflections than would be obtainable with the 

unbalanced contour aileron with permissible stick forces. 

The final effectiveness of the beveled trailing-edge 

aileron would appear, however, to be less than that of 

a properly balanced contour aileron* 

The comparison of the drag polars, with the aileron 

neutral, given,in figure lit* shows that the section'profile 

drag coefficient    a6 is lowest for the plain airfoil 
°min 

seotlon*  The oontour aileron configuration, sealed and un- 

sealed, o-hows a slightly higher od  than the plain air- 
o 

foil section.    In the sealed condition the contour aileron 

shows the same profile drag as the plain airfoil section 

outside the low-drag range.     The beveled trailing-edge 

aileron configuration shows an increase in    cd      throughout uo 
the test range.    In the low-drag range the bevolnd 

trailing-odge aileron configuration shows en increase 

in the profile drag    [cd J   of about 0*0003 over the 
(C%in) 
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plain airfoil section drag and possibly 0.O0O2 over the 

contour aileron configuration section drag» 

CONCLUDING REMARKS 

The section profilo-drag coefficient of the traveled 

trailing-edge aileron configuration was slightly higher 

than for the contour aileron configuration! 

The section aileron effectiveness per unit aileron 

deflection of the beveled trailing-edge aileron unsealed 

«as approximately 00 percent of the effectiveness of the 

contour aileron» unsealed» 

Langley Memorial Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 

Langley Field, Va., January 27, 19ll5» 
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TABLE XX ' 

CHAN08 IN EFFECTIVE AM OLE OP ATTACK PER UNIT CHANGE 

OF AILERON AN3LE OP A SCALE MODEL OP THE INTER- 

MEDIATE WIN? SECTION  OP THE XP-51 AIRPLANE 

(For aileron deflection«,    6a, « +l8°j R, 13 x 106 approx.) 

Aileron configuration (w)ei = 0 (^)c! =.7 

Beveled tralllng- 
edge 0.37 O.36 

Contour type» 
unsealed ,U6 .14 

Contour type, 
sealed 

.1+8 .1+6 
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